The short term changes in the concentration of some of the major constituents of cassava waste water and their corresponding effects on some of the soil exchangeable cations were studied following surface application of cassava waste water. The leaching experiment with de -ionized water was carried out on soil inside column under conditions of saturated flow. Samples of leachate were taken at 10 cm interval down the soil columns and were analyzed for 
INTRODUCTION
There have been increases in environmental awareness and concern about pollution for so many years now. Almost any substance present either in excess or less in the wrong source in the environment at the wrong time can cause pollution. Contamination on the other hand is used for situations where a substance is present in the environment but not causing any obvious harm to the environment. The increased level of environmental contamination as a consequence of industrial development and food processing may pose a very serious problem to the environment. Most forms of cassava processing produce large amounts of waste, the type and composition of which are governed by the processing method and type of the technology used (Howeler et al., 2000) . Cassava processing is generally considered to contribute significantly to environmental pollution and to depletion of water resource quality due to the strong and unpleasant odour. Many scales of cassava processing exist in the world; each will affect the environment differently. Largescale processing, if left unchecked, will have the largest impact on the environment. Osunbitan (2009) reported that the soil loss (in kg/ha/mm of simulated rainfall) from a plot treated with cassava waste water increased with increase in the resident (contact) time of the waste water with soil. However, he observed that all the three levels of resident time of the waste water (12, 24 and 36 h) considered in his study were not significantly different in their effect on soil loss and moreover, resident time as a factor did not significantly affect the soil loss from the plots. Cassava can be processed into several food products such as "gari", "fufu", starch flour etc. The processing of these products releases wastewater to the immediate environment and little effort is made to channel and collect the waste for proper disposal. Part of the effluent from the processing of this tuber crop infiltrates into the soil while the remaining part that are left on the soil surface are easily washed away by runoff into nearby stream. Water from the pressed grated cassava during the processing of "gari" for example is a liquid residue which shows high biochemical oxygen demand (BOD), cyanide and mineral contents. From the analysis of cassava effluents sampled from three towns in southwestern Nigeria, Abiona et al. (2005) reported that the water among other constituents consists of heavy metals such as Cu, Mn, Fe and Pb but however, lead was not detected in the effluents from only one out of the three towns considered. In addition to the heavy metals, other ions present in the cassava waste liquid residue among others include Na + , Ca 2+ , Mg 2+ and HCO 3 .
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Constituents of cassava processing waste water are grouped into three categories depending on their concentrations. We have the major constituents (1.0 to 100 mg/l), the secondary constituents (0.01 to 1.0 mg/l) and the minor constituents (0.0001 to 0.01 mg/l). Na + , Ca
2+
and Cl -are the major constituents of dissolved solids in cassava waste water (Abiona et al., 2005) . In Nigeria, most studies have their focus on the quantity and composition of waste produced during cassava processing. Little attention is given to the fate of the percolating waste water and its impact on the soil environment. This study was therefore aimed at examining the changes in the concentration of some of the major constituents of cassava waste water and their corresponding effect on some of the soil exchangeable cations on a short terms basis.
MATERIALS AND METHODS

Soil description
The soil used was classified locally as Iwo series (Ojanuga, 1975) and as Oxic Tropudalf (Okusami and Oyediran, 1985) 
Tests and measurements
The leaching experiment was carried out using soil columns under conditions of saturated flow. Six cylindrical galvanized steel of 300 mm diameter and 600 mm long perforated at 10 cm interval along its lengths were used for this laboratory experiment. Soil columns were obtained by pushing the sharp edges of the cylinder into an already saturated soil to the depth of 550 mm. The cassava waste waster used for the study was obtained from a processing centre in Ile-Ife, Nigeria. Samples of the cassava processing waste water were collected using sterile containers and were immediately chilled (0 to 4°C) and kept in the refrigerator until when required for analysis. The concentration of the soil exchangeable cations (Na + , K + and Ca
2+
) were determined using a Flame Photometer while the Mg 2+ concentration was determined with an Atomic Absorption Spectrophotometer (APHA, 1985) . Table 1 shows some of the chemical characteristics of the cassava processing waste effluent used in this study. The soil columns were raised to a height of about 30 cm from the ground surface before the commencement of the column leaching experiment. Figure 1 shows the experimental set up of the soil columns. The soil columns were saturated before the commencement of the experiment after which 1 L of cassava waste effluent was applied at the surface of the soils in the columns. The cassava processing waste effluents were left on the soil for 5 days (for two of the columns) and 10 days (for two of the columns) while the remaining two columns were without cassava effluent (control). The columns were then kept completely saturated with water by maintaining ponding on the surface of the soil in the columns through continuous application of de-ionized water at a rate of about 10 mm/h for the duration of the experiment. The application rate was achieved by putting a perforated bowl at a height of about 1 m from the soil column.
Some of the holes were blocked at random during the preexperimentation text when the rate observed was more than the expected 10 mm/h until about 10 mm/h rate was achieved. The columns were therefore saturated and the flow was steady. Samples of the leachate were taken at 10 cm interval down the soil columns and were analysed for NO3 -, Cl -, Ca
, Mg 2+ and Na + . After the column leaching, soil samples were collected from the columns at the depth of 0 to 10, 10 to 20, 30 to 30, 30 to 40 and 40 to 50 cm using aluminum soil core for the analysis of pH and the exchangeable cations. The exchangeable cations determination was carried out using 10 g soil in 100 ml of 1M ammonium acetate. A shaking time of 30 min was used. The sample was then filtered after which the concentration of the cations was determined in the filtrate using a flame photometer. However, the concentration of Mg was determined using AAS. Soil pH was determined in 0.01 M CaCl2 (1:2 soil/solution ratio) using a pH meter with a glass electrode after equilibrating for 30 min. 10 g each of soil sample was weighed into two separate cups. To one of the cups, 10 ml of distilled water was added and to the second cup, 20 ml of 0.01M CaCl2 (1:2 soil/solution ratio) was added. By means of a stirrer, the solution was stirred for about a minute and then allowed to stand for 30 min to equilibrate. The pH was then determined using a pH meter. The pH meter had been standardized with buffer solution 4 and 7 to confirm that the pH meter was in good working condition.
Statistical analysis
All experiments were performed in duplicates. As no specific replication effect was detected for the experimental data (P>0.05), therefore the data from total measurements were averaged and average values were reported. The data collected were subjected to analysis of variance (ANOVA) with separation of means by Duncan multiple range test (DMRT) using SAS software (SAS Institute, 1999) . All tests of significance were done at the 5% probability level.
RESULTS AND DISCUSSION
Changes in the ions concentration of the leached effluents
Leaching of the soil columns treated with cassava waste water on the soil columns for 10 days with de-ionized water caused a distinct decrease in the initial concentrations of the anions and cations introduced through the waste water as shown in Table 2 . However, concentration of the anion in the samples of the leachate collected down the soil columns on the average decreased with the depth of the soil column while the concentration of the three cations considered increased with the depth of the column. The reduction in the concentrations of the two anions considered (NO 3 -and Cl -) implies the retention of these ions from the cassava wastewater by the soil environment. However, it may be possible for part of the retained nitrates to be leached further if the column leaching experiment continues beyond the 360 s. This is because nitrate, being an anion would be repelled by the negatively -charged cation exchange sties in the soil. And since the ion is highly soluble in water, it will move downward in soil with the percolating water. The concentration of the three cations in the leachate increased with the depth of sampling. In general, the soil column profiles did not remove much of the cations from the cassava wastewater. As more deionized water was added to the column to maintain the ponding and saturation status of the columns, the cations in the waste water further moved down the soil column. This indicates that the adsorption of the cations from the waste water to the soil particles was small. This may be as a result of relatively low cation exchange capacity of the soil (5.75 cmol/kg).
Cation exchange capacity represents the primary soil reservoir of readily available potassium, calcium, magnesium and several micronutrients (Anon, 2004a) . The leaching of the sodium ions added to the soil through the cassava waste water will prevent the easy formation of the sordic soils (soils with ≥ 15% of the cation exchange capacity occupied by sodium ions). Sordic soils exhibit poor structural characteristics and low infiltration of water. However, excessive leaching of Ca 2+ and Mg
2+
which is not desirable can be compensated for through liming. Liming increases Ca 2+ and Mg 2+ concentration of the soil (Shamshuddin et al., 2009 ). Magnesium acts together with phosphorus to drive plant metabolism. Low magnesium levels in the soils will normally not cause problems provided the exchangeable cations are in good balance. Calcium is also essential in the proper functioning of plant cell walls and membranes. If the calcium ion adsorbed from the waste water plus the soil original cations is not sufficient, lime could be applied to supply sufficient calcium to plants.
Changes in soil chemical properties
The parameters studied in this investigation were soil organic matter, soil pH, Na + , Mg 2+ and Ca 2+ , changes in these parameters during the 5 and 10-day study were determined by estimating their initial soil concentration and comparing with concentration measured after 5 and 10 days of cassava waste resident time on the soil. The soil organic matter content, Na + and Mg 2+ concentration of the soil are significantly (P < 0.05) affected by the depth of soil sampling in the column. However, the soil pH and Ca 2+ were not significantly (P > 0.05) affected by the depth of sampling.
Soil organic matter (OM)
The "organic matter" distribution with depth is shown in Figure 2 . Surface application of cassava waste water caused a distinct rise in soil organic matter for all the sampling zones for both the 5 and 10 days resident time of the waste water with the soil. These increases were caused by the high organic carbon found in the wastewater prior to the application. Soil organic carbon which is the amount of carbon stored in the soil is closely related to the amount of organic matter in the soil. The increase in the organic carbon content of the soil through the addition of the waste water may be as a result of loss of carbon from the wastewater to the soil due to microbial degradation of the organic matter content of the wastewater. However, the process of the microbial degradation is not expected to have much effect on the soil organic carbon content because of the short period of resident time considered in this work. Navas et al. (1999) while investigating the application of biosolids to natural vegetation found that the increase in plant biomass was directly related to the addition of OM present in the waste material. In an earlier study they reported that other benefits derived from application of biomass to natural vegetation include decrease in soil bulk density and increases in total porosity (Navas et al., 1998) . They also found a strong relationship between added sludge "carbon" and several soil physical properties. This increase in the soil organic matter as a result of cassava waste water application may also lead to the increase in the microbial populations and their activities (Anon, 2004b) . Duncan multiple range test (DMRT) revealed that the organic matter content of the soil samples taken from the depth of 20, 30, 40 and 50 cm from the surface were not significantly different. However, the organic matter content of soil samples at the depth of 10 cm was significantly different from others. The highest organic matter (1.48%) was observed at the depth of 10 cm from the surface while the least (1.16%) was observed at the depth of 30 cm.
Soil pH
One of the most important aspects of nutrient management is maintaining proper soil pH. Soil pH is a measure of soil hydrogen ion concentration which is related to alkalinity and neutrality. Distribution of soil pH with depth is shown in Figure 3 . Surface application of cassava waste water caused a distinct and immediate fall in the soil pH for both the 5 and 10 days resident time at all the five soil depths considered. Highest values of soil pH were observed at 0 to 10 cm depth while the lowest were observed at 10 to 20 cm depth for the control, 5 and 10 days resident time experiments. There is likely to be a filtration process of the wastewater as it passes through the sand grains of the soil columns. The sand grains in the columns and the colloidal suspended particles of the waste water possess electricity of opposite polarity. Hence, they are likely to attract one another and neutralize themselves. Ultimately, the chemical characteristics of the waste water will change while passing through the soil column. The highest soil pH of 6.8 was observed at the soil depth of 0 to 10 cm when no cassava wastewater was applied (control experiment) while the lowest soil pH of.6.1 was recorded at soil depth of 10 to 20 cm when the wastewater was in the soil for 10 days. Soil pH less than 6.0 was not observed at any of the sampling depth considered though the pH of the wastewater was as low as 4.3. Low pH soils (< 6.0) results in an increase in exchangeable Al and this is toxic to plants. In general, optimum pH is between 6.5 and 7.5 (Anon, 2004b) . Soil pH is important because it affects the availability of nutrient elements for plant uptake. Nutrient uptake rate is pH dependent. Generally, anions like nitrate and phosphate are taken up at a faster rate under weakly acid conditions whereas the cation uptake rate seems to be faster in the more neutral pH range. As the soil pH falls below pH 6.0, the availability of N, P and K becomes increasingly restricted (Johnston, 2004) . With increase in the acidity of the soil as a result of the wastewater application, the macro nutrients uptake by crops planted on such soil will be impeded. All living organisms are also sensitive to pH.
The plant roots will not function optimally in soils outside a specific pH range unique to that organism. If the pH of the soil is extreme either alkaline or acidic, the plant will die. Soil microorganisms, insects and other animals present in the rhizosphere are equally sensitive to pH. Soil pH influences the occurrence and activities of soil organisms. In general, fungi dominate at soil pH < 5.5 and in the rhizosphere whereas at a higher pH bacteria are more abundant (Trolldenier, 1971) . Alkaline soils have pH 7.5 to 8.5, "acidic" soils have pH 4 to 6.5 and soils with pH values outside these ranges are usually toxic to most plants. Acid soils usually contain low levels of Ca and Mg, and there may be toxic levels of iron, aluminum and manganese. Under alkaline conditions, the availability of most trace elements is reduced. Phosphorus availability becomes limited above pH 7.5 (Howell, 1997) . The soil pHs of samples taken from the five different depths along the length of the column were not significantly different from one another. The maximum soil pH (6.03) was observed at the depth of 10 cm while the minimum (5.91) was observed at the depth of 50 cm. The amount of exchangeable bases and cation exchange capacity (CEC) are important properties of soil and sediments. They relate information on the ability of a particular soil to sustained plant growth; nutrients retention; buffer acid deposition or isolate toxic heavy metals. By leaching soil in the column with de -ionized water, it was possible to determine some of the extractable (exchangeable) basic cations (Na, Mg and Ca) held by the soil (Jacob et al., 1971) . These results are shown in Figures 4 to 6. Figure 4 shows the distribution of sodium in the soil column after the leaching experiment. The sampling depth and the resident time of the cassava waste water with the soil are significant (P < 0.05) in their effect on the sodium content of the soil in the column. On the average, the maximum sodium was observed at the depth of 20 cm when the resident time of cassava waste water was 5 days while the minimum was at the depth of 50 cm for the control soil column (that is when no waste water was added). Sodium concentration from 30 and 40 cm sampling depths were not significantly different as well as the concentration of the element from 40 and 50 cm sampling depth. On the average, the concentration of sodium increased from 0.586 to 0.746 cmol/kg as the sampling depth decreases from 50 to 20 cm. However, the least "sodium concentration" of 0.476 cmol/kg in the column was observed at the sampling depth of 10 cm. Figures 5 and 6 show the distribution of "magnesium and calcium" respectively in the soil columns after the leaching with de-ionized water. Like for the sodium content of the soil, the two factors considered in this work that is the resident time of the waste water with the soil and the soil depth in the column were significant (P < 0.05) in their effects on these two base cations. Both the depth of sampling and the resident time of the waste water with the soil before sampling were significant (P < 0.05) in their effects on the "magnesium content" of the soil in the columns. This implies that the time duration for which the waste waster was with the soil and the depth of soil from the ground surface influenced the "magnesium and calcium" contents of the soil. On the average, the "magnesium content" of the soil in the column increased with increase in the depth of sampling. The least "magnesium concentration" of 0.3 cmol/kg was observed at 10 cm sampling depth while the highest concentration of 0.72 cmol/kg was observed at the sampling depth of 50 cm. Magnesium contents on the soil samples at 10 and 20 cm were not significantly different (P > 0.05) while the concentration of the element at the remaining three sampling depths were significantly different (P < 0.05) from one another. The calcium contents of the soil did not have any regular trend with the depth of sampling. The average maximum (average of control, 5 and 10 days resident time) calcium concentration of 2.80 cmol/kg was observed at 20 cm sampling depth while the average minimum concentration of 2.60 was observed at the sampling depth of 30 cm. The three levels of resident time (control, 5 and 10 days) of cassava waste water considered in this work are significantly different (P < 0.05) in their effects on the Mg and Ca contents of the soil in the columns. This implies that the three levels of the resident time affected the Mg and Ca contents of the soil differently. On the average, 5 days resident time resulted in the highest concentration for both elements (0.718 cmol/kg for Mg and 3.314 cmol/kg for Ca) in the soil columns.
Conclusion
This study examined the changes in the concentration of some of the major constituents of cassava waste water and their corresponding effect on some of the soil exchangeable cations on a short terms basis. Cassava waste water application caused a distinct and immediate decrease in the concentrations of the anions and cations introduced through the waste water. The concentration of the anions in the samples of the leachate collected down the soil columns on the average decreased with the depth of the soil column. The concentration of the cations increased with the depth of the column. The application of cassava waste water caused a rise in soil organic matter at all the depths of sampling. Cassava waste water application resulted in a distinct and immediate fall in the soil pH.
